BIPOLAR TRANSISTOR, OSCILLATION CIRCUIT, AND 
VOLTAGE CONTROLLED OSCILLATOR 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a bipolar transistor, and in particular, 
to a bipolar transistor used for a voltage controlled oscillator (VCO), an 
oscillation circuit using the bipolar transistor, and a voltage controlled 
oscillator using the oscillation circuit. 

10 

2 . Description of the Related Art 

Due to the rapid spread of mobile telephones during the past 10 years, 

high-frequency device techniques and high-frequency circuit techniques have 

advanced remarkably. As a result, high-frequency devices such as a mobile 
15 telephone terminal are being enhanced in performance, miniaturized, and 

reduced in cost year after year. 

A voltage controlled oscillator (VCO) is an example of a key circuit in 

the above-mentioned communication apparatuses. The VCO generally is 

composed of a resonance circuit, an oscillation circuit, and a buffer circuit, 
20 and provides a stable high-frequency carrier signal required for 

communication, even at varying temperatures and the like. FIG. 11 shows 

the configuration thereof. 

In FIG. 11, the VCO is composed of a resonance circuit 111 including 

a variable capacitor whose capacitance value is varied depending upon an 
25 applied voltage Vt, an inductor, and the like? an oscillation circuit 112 for 

oscillating a signal with a frequency in accordance with the resonance 

frequency of the resonance circuit 111; and a buffer circuit 113 for amplifying 

the obtained oscillation signal to output a high-frequency signal RF ou t. FIG. 

11 illustrates one possible example of a VCO. Various circuits including 
30 transistors in different types have been proposed. Generally, the circuit 

shown in FIG. 11 is a representative example. 

Herein, balance capacitors Cce and Ccb connected to a bipolar 

transistor Tl are required in the oscillation circuit 112. The balance 

capacitors Cce and C c b are used for minute adjustment of an oscillation 
35 frequency, adjustment of an output, and adjustment of a fluctuation of a 

supply voltage and C/N characteristics (carrier-to-noise ratio) to be an 

important factor of the oscillation circuit. 
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The above-mentioned circuits are modularized or implemented in an 
IC chip for miniaturization of mobile telephones. A discrete (single) bipolar 
transistor mounted in a small package lowers the cost as well as miniaturize 
the circuit. A conventional bipolar transistor will be described with 
5 reference to FIGS. 9 and 10. 

FIG. 9 is a plan view of a conventional bipolar transistor seen from 
the upper surface of a chip. FIG. 10 is a cross -sectional view taken along a 
line c-c' in FIG. 9. In FIGS. 9 and 10, reference numeral 1 denotes an N + /N 
type collector substrate as a semiconductor substrate; 2 denotes a transistor 

10 operation region in which a bipolar transistor is formed; 3 denotes an 

insulating film formed on the surfaces of the collector substrate 1 and the 
transistor operation region 21 4 and 6 respectively denote ari emitter lead line 
and a base lead line formed on the insulating film 3 therethrough from the 
transistor operation region 2; 5 and 7 respectively denote an emitter pad and 

15 a base pad connected to the emitter lead line 4 and the base lead line 6 and 
subjected to wire bonding during assembly; and 8 denotes a collector 
electrode formed on the reverse surface of the collector substrate 1. 
Furthermore, in the transistor operation region 2, a P-type diffusion base 21, 
a P + base contact 22, and an N + emitter 23 are formed. Such a chip 

20 configuration will be referred to as a substrate collector configuration. 

However, conventionally, in order to constitute the oscillation circuit 
112 as shown in FIG. 11, the balance capacitors Cce and C c b that are discrete 
devices are externally attached to the discrete bipolar transistor Tl. 
Because of the external capacitors, the Q-value (ratio between an inductance 

2f> or capacitance component and a resistance component) of the oscillation 

circuit 112 is decreased, which results in a decrease in C/N of the oscillation 
circuit 112. 

SUMMARY OF THE INVENTION 

30 Therefore, with the foregoing in mind, it is an object of the present 

invention to provide a bipolar transistor in which at least a part of a balance 
capacitor constituting an oscillation circuit is incorporated in the course of 
production of a semiconductor, an oscillation circuit in which desirably 
enhanced high-frequency performance is obtained by using the bipolar 

35 transistor, and a voltage controlled oscillator that has high performance and 
is miniaturized and reduced in cost by using the oscillation circuit. 

In order to achieve the above-mentioned object, a bipolar transistor of 
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the present invention includes : a semiconductor substrate; a transistor 
operation region formed on the semiconductor substrate; an insulating film 
formed so as to cover a surface of the semiconductor substrate; a lead line led 
to a surface of the insulating film therethrough from the transistor operation 
5 region; a pad for wire bonding connected to the lead line; and a capacitance 
adjustment line connected to the pad. 

In the bipolar transistor of the present invention, the semiconductor 
substrate is an N+/N type collector substrate, a collector electrode is formed 
on a reverse surface of the collector substrate, and the pad is formed on a 

10 surface of the collector substrate as an emitter pad and a base pad. 

In this case, by adjusting an area of the capacitance adjustment line 
connected to at least one of the base pad and the emitter pad, at least one 
capacitance value of a corresponding collector— base capacitor and 
collector-emitter capacitor is adjusted. 

15 Furthermore, by adjusting lengths of lines opposed to each other of 

the capacitance adjustment line connected to the emitter pad and the 
capacitance adjustment line connected to the base pad, a capacitance value of 
an emitter-base capacitor is adjusted. 

In this case, it is preferable that the capacitance adjustment line 

20 connected to the emitter pad and the capacitance adjustment line connected 
to the base pad are disposed in a comb shape. 

Furthermore, in the bipolar transistor of the present invention, the 
semiconductor substrate is an N + /N type emitter substrate, an emitter 
electrode is formed on a reverse surface of the emitter substrate, and the pad 

25 is formed on a surface of the emitter substrate as a collector pad and a base 
pad. 

In this case, the capacitance adjustment line connected to the 
collector pad and the capacitance adjustment line connected to the base pad, 
which is opposed to the capacitance adjustment line connected to the collector 

30 pad, interpose the insulating film therebetween to form a collector-base 

capacitor as a Metal-Insulator-Metal (MIM) type capacitor, and by adjusting 
an opposed area of the capacitance adjustment lines, a capacitance value of 
the collector— base capacitor is adjusted. 

In order to achieve the above-mentioned object, a first oscillation 

35 circuit of the present invention uses the bipolar transistor of the present 
invention as an oscillation amplifier, wherein at least a part of a capacitor 
contributing to an oscillation operation is composed of a parasitic capacitor 
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formed between the capacitance adjustment line and the collector electrode 
opposed thereto. 

In order to achieve the above-mentioned object, a second oscillation 
circuit of the present invention uses the bipolar transistor of the present 
5 invention as an oscillation amplifier, wherein at least a part of a capacitor 
contributing to an oscillation operation is composed of a parasitic capacitor 
formed between the capacitance adjustment line connected to the emitter pad 
and the capacitance adjustment line connected to the base pad. 

In order to achieve the above-mentioned object, a third oscillation 
10 circuit of the present invention using the bipolar transistor of the present 
invention as an oscillation amplifier, wherein at least a part of a capacitor 
contributing to an oscillation operation is composed of the MEM type 
capacitor. 

In order to achieve the above-mentioned object, a voltage controlled 

15 oscillator of the present invention includes : a resonance circuit for varying a 
value of a resonance frequency in accordance with an input voltage; any of 
first to third oscillation circuits for oscillating a signal with a frequency in 
accordance with the resonance frequency; and a buffer circuit for amplifying 
and outputting the oscillation signal from the oscillation circuit. 

20 According to the above-mentioned configuration, the collector— base 

capacitor and the collector-emitter capacitor formed between the capacitance 
adjustment line and the N + collector substrate, and the emitter— base 
capacitor formed between the capacitance adjustment line connected to the 
emitter pad and the capacitance adjustment line connected to the base pad 

25 are increased, and these capacitors can be incorporated into a bipolar 

transistor having a small transistor operation region, at least as a part of the 
balance capacitor constituting the oscillation circuit in the course of 
production of a semiconductor. 

Furthermore, the above-mentioned value of the capacitance between 

30 terminals can be adjusted easily by using the capacitance adjustment line, 
and desirably enhanced high-frequency performance can be obtained in an 
oscillation circuit. 

Furthermore, by using the above-mentioned oscillation circuit, a 
voltage controlled oscillator can be realized, which has high performance and 

35 is miniaturized and reduced in cost. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 
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following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 1 of the present invention. 

FIG. 2 is a cross -sectional view taken along a line a— a' in FIG. 1. 

FIG. 3 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 2 of the present invention. 

FIG. 4 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 3 of the present invention. 

FIG. 5 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 4 of the present invention. 

FIG. 6 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 5 of the present invention. 

FIG. 7 is a plan view showing an exemplary configuration of a bipolar 
transistor according to Embodiment 6 of the present invention. 

FIG. 8 is a cross-sectional view taken along a line b-b' in FIG. 7. 

FIG. 9 is a plan view showing an exemplary configuration of a 
conventional bipolar transistor. 

FIG. 10 is a cross - sectional view taken along a line c— c' in FIG. 9. 

FIG. 11 is a circuit diagram showing a configuration of a general 

VCO. 

FIG. 12 shows characteristics of a collector— base capacitor for 
describing the effect of the present invention by comparison. 

FIG. 13 is a cross-sectional view showing an exemplary configuration 
of a bipolar transistor according to another embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be described by way of 
illustrative embodiments with reference to the drawings. The bipolar 
transistors described in the following embodiments are applicable to the 
oscillation circuit and the VCO shown in FIG. 11 described in the 
conventional example. 

Embodiment 1 

FIG. 1 is a plan view of a bipolar transistor according to Embodiment 
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1 of the present invention seen from the upper surface of a chip, and FIG. 2 is 
a cross-sectional view taken along a line a-a' in FIG. 1. In FIGS. 1 and 2, 
the same components as those in the conventional example shown in FIGS. 9 
and 10 are denoted with the same reference numerals as those therein, and 

5 the description thereof will be omitted here. 

The present embodiment is different from the conventional example 
only in that a capacitance adjustment line 11 connected to the base pad 7 is 
provided. 

A part of the capacitance adjustment line 11 is connected to the base 
10 pad 7, and the remaining part thereof merely covers an upper portion of the 
insulating film 3. Therefore, the capacitance adjustment line 11 does not 
influence the DC (direct current) electric characteristics such as a current 
amplification ratio and a withstand voltage. On the other hand, regarding 
an AC (high frequency), the capacitance adjustment line 11 forms a parasitic 
15 capacitor with respect to the N + collector substrate. Therefore, the 

capacitance value of a collector-base capacitor of the bipolar transistor is 
increased, and the collector-base capacitor can be incorporated in a 
semiconductor chip at least as a part of the balance capacitor C c b of the 
oscillation circuit 112. 
20 Furthermore, by adjusting the area of the capacitance adjustment 

line 11, the capacitance value of the collector-base capacitor can be adjusted 
easily. 

Embodiment 2 

25 FIG. 3 is a plan view of a bipolar transistor according to Embodiment 

2 of the present invention seen from the upper surface of a chip. In FIG. 3, 
the present embodiment is different from Embodiment 1 in that capacitance 
adjustment lines 31 and 32 whose one ends are connected to the emitter pad 
5 so as to increase collector— emitter capacitance, instead of the collector-base 

30 capacitance of the bipolar transistor. The other configuration is the same as 
that of Embodiment 1, so that the description thereof will be omitted here. 

The capacitance adjustment lines 31 and 32 form a parasitic capacitor 
with respect to the N + collector substrate. Therefore, the capacitance value 
of a collector-emitter capacitor of the bipolar transistor is increased, and the 

35 collector— emitter capacitor can be incorporated in a semiconductor chip at 

least as a part of the balance capacitor Cce of the oscillation circuit 112 shown 
in FIG. 11. 
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Furthermore, by adjusting the area of the capacitance adjustment 
lines 31 and 32, the capacitance value of the collector-emitter capacitor can 
be adjusted easily. 



5 Embodiment 3 

FIG. 4 is a plan view of a bipolar transistor according to Embodiment 

3 of the present invention seen from the upper surface of a chip. In FIG. 4, 
the present embodiment is different from Embodiment 1 in that a capacitance 
adjustment line 41 whose one end is connected to the emitter pad 5, and a 

10 capacitance adjustment line 42 whose one end is connected to the base pad 7 
are provided so as to increase both the collector-emitter capacitance and the 
collector— base capacitance of the bipolar transistor. The other configuration 
is the same as that of Embodiment 1, so that the description thereof will be 
omitted here. 

15 The capacitance adjustment lines 41 and 42 form a parasitic capacitor 

with respect to the N + collector substrate. Therefore, both the capacitance 
values of the collector-emitter capacitor and the collector-base capacitor of 
the bipolar transistor are increased, and the collector— emitter capacitor and 
the collector-base capacitor can be incorporated in a semiconductor chip at 

20 least as a part of the balance capacitors C ce and C c b of the oscillation circuit 
112 shown in FIG. 11. 

Furthermore, by adjusting the areas of the capacitance adjustment 
lines 41 and 42, the capacitance value of the collector-emitter capacitor and 
the capacitance value of the collector-base capacitor can be adjusted easily. 

25 

Embodiment 4 

FIG. 5 is a plan view of a bipolar transistor according to Embodiment 

4 of the present invention seen from the upper surface of a chip. In FIG. 5, 
the present embodiment is different from Embodiment 1 in that a capacitance 

30 adjustment line 52 partially connected to the base pad 7 is provided so as to 
increase collector-base capacitance of the bipolar transistor, and capacitance 
adjustment lines 51 and 53, which are placed in a comb shape with respect to 
the capacitance adjustment line 52 and whose respective one ends are 
connected to the emitter pad 5, are provided. The other configuration is the 

35 same as that of Embodiment 1, so that the description thereof will be omitted 
here. 

In FIG. 5, the collector-base capacitance is increased in the same way 
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as in Embodiment 1, and in addition, the capacitance adjustment lines 51 
and 53 whose one ends are connected to the emitter pad 5 and the 
capacitance adjustment line 52 partially connected to the base pad 7 are 
placed in a comb shape, so that the lengths of lines opposed to each other are 
5 large. Therefore, the emitter— base capacitor formed as a parasitic capacitor 
in a comb-shape portion also is increased. 

Thus, according to the present embodiment, the collector-base 
capacitor and the emitter— base capacitor can be incorporated in a 
semiconductor chip at least as a part of the balance capacitor of the 

10 oscillation circuit. 

Furthermore, by adjusting the area of the capacitance adjustment 
line 52, the capacitance value of the collector-base capacitor can be adjusted 
easily. By adjusting the lengths of lines opposed to each other in the 
comb-shape portion between the capacitance adjustment lines 51 and 52 and 

15 the comb-shape portion between the capacitance adjustment lines 53 and 52, 
the capacitance value of the emitter-base capacitor can be adjusted easily. 

Embodiment 5 

FIG. 6 is a plan view of a bipolar transistor according to Embodiment 
20 5 of the present invention seen from the upper surface of a chip. In FIG. 6, 
the present embodiment is different from Embodiment 4 in the following 
points* in Embodiment 4, both the capacitance values of the collector— base 
capacitor and the emitter— base capacitor are increased, whereas in the 
present embodiment, in order to increase mainly the emitter— base 
25 capacitance, the length of lines opposed to each other in the comb-shape 

portion between the capacitance adjustment line 62 partially connected to the 
emitter pad 7 and the capacitance adjustment lines 61 and 63 whose one ends 
are connected to the emitter pad 5 are made longer than those of 
Embodiment 4. The other configuration is the same as that of Embodiment 
30 4, so that the description thereof will be omitted here. 

Embodiment 6 

FIG. 7 is a plan view of a bipolar transistor according to Embodiment 
6 of the present invention seen from the upper surface of a chip, and FIG. 8 is 
35 a cross sectional view taken along a line b-b' in FIG. 7. In FIGS. 7 and 8, 
reference numeral 71 denotes an N + /N type emitter substrate as a 
semiconductor substrate; 72 denotes a transistor operation region in which a 
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bipolar transistor is formed; 73 denotes an insulating film formed on the 
surfaces of the emitter substrate 71 and the transistor operation region 2; 74 
and 76 respectively denote a collector lead line and a base lead line formed on 
the insulating film 73 therethrough from the transistor operation region 72; 
5 75 and 77 respectively denote a collector pad and a base pad connected to the 
collector lead line 74 and the base lead line 76 and subjected to wire bonding 
during assembly; and 80 denotes an emitter electrode formed on the reverse 
surface of the emitter substrate 71. Such a chip configuration will be 
referred to as a substrate emitter configuration. 

10 Reference numeral 78 denotes a capacitance adjustment line. One 

end of the capacitance adjustment line 78 is connected to the collector lead 
line 74, and interposes a part of the insulating film 73 together with a 
capacitance adjustment line 79 connected to the base pad 77 to form a Metal 
Insulator Metal (MIM) type capacitor. Because of this configuration, 

15 collector-base capacitance is increased, and the collector-base capacitor can 
be incorporated in a semiconductor chip at least as a part of the balance 
capacitor C c b of the oscillation circuit 112 shown in FIG. 11. In the present 
embodiment, unlike Embodiments 1 to 5, a two-layer wiring configuration is 
required. 

20 In Embodiments 1 to 5, a wiring layer in an uppermost portion is 

used as the capacitance adjustment line layer. However, in the case where a 
wiring process of basically at least two layers is used, any wiring layer may 
be used as a capacitance adjustment line. However, needless to say, it is 
most effective that a wiring layer in a lowermost portion is used as a 

25 capacitance adjustment line. 

Furthermore, in Embodiments 1 to 5, the substrate collector 
configuration has been illustrated and described. However, the present 
invention is not limited thereto and also is applicable to a substrate emitter 
configuration. Similarly, in Embodiment 6, the substrate emitter 

30 configuration has been illustrated and described. However, the present 

invention is not limited thereto and also is applicable to a substrate collector 
configuration. 

Furthermore, in Embodiments 1 to 5, as shown in FIG. 2, a horizontal 
transistor is used, in which the P-type diffusion base 21, the P + base contact 
35 22, and the N + emitter 23 are formed in the transistor operation region 2 on 
the N + /N type collector substrate 1. The present invention is not limited 
thereto. A vertical transistor with a P-type diffusion base and an N + emitter 
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may be used. 

Furthermore, in Embodiments 1 to 5, as shown in FIG. 2, the Ptype 
diffusion base 21, the P + base contact 22, and the N + emitter 23 are formed in 
a diffusion form. However, the present invention is not limited thereto. As 
5 shown in FIG. 13, for example, a P-type diffusion base 1302 and an N + 
emitter 1303 formed successively by epitaxial growth on the N + /N type 
collector substrate 1301 may be used. 

The advantage in the case of using the bipolar transistors according 
to Embodiments 1 to 6 in an oscillation circuit will be described by 
10 exemplifying the case of collector— base capacitor with reference to FIG. 12. 

FIG. 12 shows characteristics of collector— base capacitance (C c b) with 
respect to the collector-base voltage (V c bX In FIG. 12, reference numeral 121 
denotes capacitance characteristics in the case where a transistor operation 
region is small, 122 denotes capacitance characteristics in the case where the 
15 transistor operation region is large, and 123 denotes capacitance 

characteristics in the case where the transistor operation region is small and 
the capacitance adjustment line according to the present invention is used. 

In order to enhance the oscillation performance of an oscillation 
circuit, generally, a bipolar transistor that is an oscillation amplifier is 
20 miniaturized to enhance high-frequency characteristics such as a cutoff 
frequency. However, the miniaturization for the purpose of enhancing 
high-frequency performance decreases the capacitance in the transistor 
operation region originally owned by a transistor (capacitance characteristics 
121 in FIG. 12). In oscillation at a high frequency close to a cutoff frequency, 
25 a small capacitance value of the balance capacitor shown in FIG. 11 is 

negligible because the feedback amount in the balance capacitor is inversely 
proportional to the following impedance Z- 

Z = l/(27ifC) 

where f is an oscillation frequency and C is a capacitance value of the balance 
30 capacitor. 

When the oscillation frequency f is large, even if the capacitance 
value C is small, the impedance Z becomes small. Therefore, a sufficient 
feedback amount can be obtained. 

On the other hand, when a high-performance bipolar transistor 
35 having small capacitance between terminals is used at a low oscillation 

frequency, the impedance Z becomes very large, and the feedback amount is 
insufficient. Therefore, in the conventional example, the capacitance of the 

10 



externally attached balance capacitor is increased. However, in this case, 
C/N is degraded due to a decrease in the Q-value of the oscillation circuit as 
described above. Therefore, in the case where C/N is considered to be 
important, a bipolar transistor (capacitance characteristics 122 in FIG. 12) 
having a large transistor operation region is used, in which high-frequency 
performance is low (i.e., a cutoff frequency is low), sacrificing other various 
characteristics such as oscillation power and efficiency. 

In contrast, according to the configurations of Embodiments 1 to 6, 
capacitance can be increased apparently as if a large transistor operation 
region is used, as represented by capacitance characteristics 123 in FIG. 12, 
without impairing a miniaturized high-performance transistor operation 
region. Therefore, excellent C/N characteristics and other various 
characteristics such as an oscillation power and efficiency can be satisfied. 

Furthermore, as is apparent from the production process, only the 
area of a part of a line is increased, so that the number of processes is not 
increased and the chip area is not enlarged. 

As described above, according to the present invention, a balance 
capacitor of an oscillation circuit is incorporated onto a bipolar transistor that 
is a discrete device without increasing a production cost as in an IC, higher 
high-frequency performance, miniaturization, and a reduction in cost can be 
performed. Furthermore, excellent C/N characteristics and other various 
characteristics such as an oscillation power and efficiency can be satisfied. 

The invention may be embodied in other forms without departing 
from the spirit or essential characteristics thereof. The embodiments 
disclosed in this application are to be considered in all respects as illustrative 
and not limiting. The scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all changes which come 
within the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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